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OPTICAL MODULE, OPTICAL
TRANSMISSION SYSTEM, AND
FABRICATION METHOD FOR OPTICAL
MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and hereby claims priority to
Japanese Application No. 2006-085255 filed on Mar. 27,

2006 1n Japan, the contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This mvention relates to an optical module, an optical
transceiver, an optical transmission system and a fabrication
method for an optical module, suitable for use with a multi-
channel optical transceiver (for example, a wavelength divi-
sion multiplexing multi-channel optical transceiver) which
includes a planar optical device such as, for example, a planar
light emitting laser or a photo-diode (photo-detector).

(2) Description of the Related Art

In a case wherein an optical module such as, for example,
a multi-channel optical transceiver uses a planar optical
device such as a planar light emitting laser or photo-diode,
since a light incidence face or a light emitting face of the
planar optical element extends in parallel to a mounting
board, light 1s incident or emitted perpendicularly upon or
from the mounting board.

Meanwhile, 1n such an optical module as mentioned above,
it 1s necessary to achieve reduction in size and thickness.

In order to achieve reduction in size and thickness, preter-
ably optical fibers (optical fiber array) are disposed 1n parallel
to a mounting board. In this instance, end faces of the optical
fiber and the light incidence face or light emitting face of the
planar optical device have a relationship of the substantially
right angle to each other. Therefore, such various proposals as
described below have been made in order to curve the paths
(light paths) of incidence or emitting light perpendicularly to
the light incidence face or light emitting face of a planar
optical device mounted on a board by approximately 90
degrees to optically connect the optical fibers and the planar
optical device to each other.

For example, Japanese Patent laid-Open No. 2005-115346
discloses a technique which uses an optical waveguide struc-
ture of a three-dimensional configuration wherein optical
waveguides are formed on a curved plane for curving the
advancing direction of light such that light to be incident to or
emitted from a planar optical device 1s guided along the
curved plane and coupled to an optical fiber array (refer to, for
example, FIGS. 27 and 28).

Meanwhile, Japanese Patent Laid-Open No. 2003-322740
discloses that, 1n order to optically couple optical waveguides
provided along a mounting face and a planar light emitting,
laser to each other, it 1s necessary to convert the direction of
light by 90° and, as a method therefor, a 45° mirror 1s formed
as a direction converter on a waveguide {ilm which connects
devices to each other.

Incidentally, as one of methods of making 1t possible to
expand the transmission band width, an attempt to introduce
a wavelength division multiplexing technique to increase the
transmission capacity per one channel 1s available, and it 1s
disclosed that a multiplexer or a demultiplexer which uses
spatial propagation of light and a reflecting optical system 1s
provided between a planar light emitting laser or a photo-
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diode and optical fibers (1or example, refer to Brian E. Lemoif
et al., “MAUI: Enabling Fiber-to-the-Processor with Parallel
Multiwavelength Optical Interconnects”, JOURNAL OF
LIGHTWAVE TECHNOLOGY, VOL. 22, NO. 9, September,
2004).

Incidentally, in an optical module such as a multi-channel
optical transcerver as described above, 1t 1s a subject to reduce
the cost for a portion (optical coupling portion) which opti-
cally interconnects a planar optical device [planar optical
device array; for example, a VCSEL (Vertical-Cavity Sur-
face-Emitting Laser) array or a PD (Photo Detector) array]
and optical fibers (optical fiber array).

Therefore, also common use of parts has been and 1s pro-
ceeding gradually. At present, both of the pitch (array pitch)
between a plurality of planar optical devices which form a
planar optical device array and the pitch (array pitch) between
a plurality of optical fibers which form an optical fiber array
have been standardized to 0.25 mm. Further, both of the
number (array number) of planar optical devices which form
a planar optical device array and the number (array number)
of optical fibers which form an optical fiber array have been
standardized to 4, 8, 12 and 24.

Meanwhile, for example, 1n the case of a multi-channel
optical transceiver, a VCSEL array and a PD array are
mounted 1n a juxtaposed relationship with each other on a
board. However, a mounting gap (gap between chips) of, for
example, approximately 1 mm 1s essentially required
between the arrays.

In this instance, also between optical fibers (VCSEL fibers)
optically connected to the VCSEL array and optical fibers
(PD fibers) optically connected to the PD array, a gap corre-
sponding to the mounting gap 1s required.

Once the pitch 1s standardized to 0.25 mm between a
VCSEL array or a PD array and an optical fiber array and also
the array number 1s standardized to 4, 8, 12 or 24 1n such a
manner as described above, 1n order, for example, for a multi-
channel optical transcerver of 8 channels (4-channel mput+
4-channel output) to be ready for the standardization, such a
countermeasure 1s taken as to adopt a standardized optical
fiber array for 12 channels by adding 4 channels correspond-
ing to the gap (for example, 1 mm) between the chips to 8
channels originally required for the input and the output.

In this mstance, optical fibers for the four channels corre-
sponding to the gap between the chips are useless because
they are not used for the input or the output. Further, since an
optical fiber array for 12 channels 1s inferior 1n all aspects
such as the performance and the price to an optical fiber array
for 8 channels, preferably an optical fiber array for 8 channels
1s used.

Therefore, 1t 1s desired to implement a simple and conve-
nient structure which can optically connect planar optical
devices (planar optical device array) such as planar light
emitting devices or planar photo-detectors and optical fibers
(optical fiber array) to each other without providing a gap,
which corresponds to a gap (mounting gap) between the
chips, between optical fibers optically connected to the planar
light emitting devices (VCSEL array) and optical fibers opti-
cally connected to the planar photo-detectors (PD array).

It 1s to be noted that this problem 1s solved 1n principle if 1t
1s possible to produce a part which connects to an optical fiber
array for 8 channels with the waveguide distance reduced
midway from the planar optical devices to the optical fibers.

However, where an optical waveguide structure of a three-
dimensional configuration wherein optical waveguides are
formed on a curved plane for curving the advancing direction
of light 1s used as disclosed, for example, 1n Japanese Patent
Laid-Open 2005-115346, 1t 1s necessary to form optical
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waveguides of a high degree of accuracy for optically con-
necting optical devices and optical fibers to each other on a
curved plane. However, at present, a countermeasure which
can implement such a complicated highly accurate three-
dimensional structure as described above simply and conve-
niently 1s not available and has not been placed 1nto practical
use. Further, it 1s difficult from restrictions 1n a fabrication
method to implement a structure which can simultaneously
achieve also pitch conversion.

Meanwhile, another countermeasure wherein a mirror (90°
deflecting mirror) 1s used to achieve high-density optical con-
nection between chips and pitch conversion as disclosed, for
example, 1n Japanese Patent Laid-Open No. 2003-322740, 1s
disadvantageous 1n that the loss at the mirror (that 1s, the
absorption loss on the surface of the mirror) 1s significant and
the optical connection and the pitch conversion are liable to be
influenced by the accuracy 1n alignment and the accuracy 1n
working. Further, crosstalk at an intersecting location
between waveguides cannot be avoided, and the optical per-
formance 1s not high.

Incidentally, although the aforementioned thesis “MAUI:
Enabling Fiber-to-the-Processor with Parallel Multiwave-
length Optical Interconnects” discloses a high-grade module
which itroduces a wavelength division multiplexing tech-
nique and uses spatial propagation of light and a retlecting
optical system, the module has the following problems.

First, since a spatial propagation system 1s used, the beam
diameter cannot be made very small (for example, a diameter
of 250 um), there 1s a limitation to mimiaturization of the
module. Further, since a spatial multiple reflecting optical
system 1s adopted, alignment 1s difficult. Furthermore, 1t 1s
difficult to assure a high impact resistance of the product. As
a result, also reduction 1n cost 1s difficult.

SUMMARY OF THE INVENTION

Aspect of the present invention can provide an optical
module, an optical transceiver, an optical transmission sys-
tem and a fabrication method for an optical module wherein
optical connection between planar optical devices [for
example, planar light emitting lasers or photo-diodes (photo-
detectors)] mounted on a board and optical fibers attached 1n
parallel to the board can be implemented simply and readily.

According to one aspect of the present invention, an optical
module includes a substrate, one or a plurality of planar
optical devices mounted on the substrate, and a waveguide
block including one or a plurality of curved waveguides
formed on a plane, the waveguide block being mounted on the
substrate such that the plane on which the curved waveguides
are formed 1s perpendicular to the substrate and the curved
waveguides and an mcidence face or an emitting face of the
planar optical device are opposed to each other on one end
face of the waveguide block, and being configured so that an
optical fiber can be connected to the other end face of the
waveguide block which 1s orthogonal to the one end face.

According to another aspect of the present invention, an
optical transmission system includes two such optical mod-
ules as described above which are optically connected to each
other by an optical fiber array formed from a plurality of
optical fibers, the optical fiber array being connected to the
two optical modules while twisted by 180 degrees between
the two optical modules such that the longest one of the
curved waveguides of one of the optical modules and the
shortest one of the curved waveguides of the other one of the
optical modules are connected to each other.

According to a further aspect of the present invention, there
1s provided an optical transceiver including, as the optical
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modules described above, an optical transmitter (the module
described above wherein the plural planar optical devices are
a plurality of planar light emitting devices having light emis-
sion wavelengths different from each other and arranged 1n
series along an end face of the wavegumide block, and the
waveguide block includes a waveguide type multiplexer
formed by overlapping the curved waveguides on a one-end
side thereol) and an optical recewver (the optical module
described above wherein the planar optical devices are a
plurality of planar photo-detectors arranged 1n series along an
end face of the waveguide block, and the waveguide block
includes a waveguide type demultiplexer connected to each of
the plural curved waveguides, the waveguide type demulti-
plexer including a plurality of wavelength filters connected to
the plural curved waveguides, a mirror provided on the end
face of the waveguide block, and a channel optical waveguide
formed between the wavelength filters and the mirror), the
optical transmitter and the optical recerver being stuck inte-
grally to each other on the back face side of the substrates.

According to a still further aspect of the present invention,
a fabrication method for an optical module includes the steps
of producing a waveguide block including one or a plurality
of curved waveguides on a plane, mounting one or a plurality
of planar optical devices on a substrate, and mounting the
waveguide block on the substrate such that the plane on which
the curved waveguide 1s formed 1s perpendicular to the sub-
strate and the curved waveguide and an 1ncidence face or an
emitting face of the planar optical device are opposed to each
other on one end face of the waveguide block.

With the optical module, optical transcerver, optical trans-
mission system and fabrication method for an optical module
of the above aspects of the present invention, there 1s an
advantage that optical connection between planar optical
devices [for example, face light emitting lasers, photo-diodes
(photo-detectors) and so forth] mounted on a board and opti-
cal fibers attached in parallel to the board can be implemented
simply and readily.

The above and other aspects and advantages of the present
invention will become apparent from the following descrip-
tion and the appended claims, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing a configuration of an
optical module according to a first embodiment of the present
imnvention;

FIG. 2 1s a schematic view showing a configuration of a
waveguide block provided 1n the optical module according to
the first embodiment of the present invention;

FIG. 3 1s a schematic view showing a modification to the
waveguide block provided 1n the optical module according to
the first embodiment of the present invention;

FIG. 4 1s a schematic view showing a configuration of the
waveguide block provided in the optical module according to
the first embodiment of the present invention and 1s an
enlarged front elevational view showing a portion denoted by
A 1n FIG. 1 1n an enlarged scale;

FIG. 5 1s a schematic view showing a configuration of the
waveguide block provided in the optical module according to
the first embodiment of the present invention and 1s a sec-
tional view taken along line A-A of FIG. 4;

FIG. 6 1s a schematic view showing a configuration of the
waveguide block provided in the optical module according to
the first embodiment of the present invention and 1s an
enlarged front elevational view showing a portion denoted by
B in FIG. 1 1n an enlarged scale;
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FIG. 7 1s a schematic view showing a configuration of the
waveguide block provided 1n the optical module according to
the first embodiment of the present invention and 1s an
enlarged right side elevational view showing the portion B 1n
FIG. 1 1n an enlarged scale;

FIGS. 8(A) to 8(D) are schematic views illustrating a fab-
rication method of the waveguide block provided 1n the opti-
cal module according to the first embodiment of the present
invention;

FIGS. 9(A) to 9(D) are schematic views illustrating a fab-
rication method of the optical module according to the first
embodiment of the present invention;

FIG. 10 1s a schematic view showing a configuration of an
optical transmitter as an optical module according to a second
embodiment of the present invention;

FIG. 11 1s a schematic view showing a configuration of a
transmitter film waveguide provided 1n the optical transmaitter
as an optical module according to the second embodiment of
the present invention;

FIG. 12 1s a schematic view showing a configuration of a
transmitter waveguide block and a planar light emitting
device array provided in the optical transmitter as an optical
module according to the second embodiment of the present
invention;

FIGS. 13(A) to 13(C) are schematic views 1llustrating a
fabrication method of a transmitter film waveguide (transmiut-
ter waveguide block) provided 1n the optical transmitter as an
optical module according to the second embodiment of the
present invention;

FIGS. 14(A) to 14(C) are schematic views 1llustrating a
fabrication method of the optical module (optical transmutter)
according to the second embodiment of the present invention;

FIG. 15 1s a schematic view showing a configuration of an
optical recerver as an optical module according to the second
embodiment of the present invention;

FIG. 16 15 a schematic view showing a configuration of a
receiver film waveguide provided in the optical receiver as an
optical module according to the second embodiment of the
present invention;

FIG. 17 1s a schematic view showing a configuration of a
receiver waveguide block and a planar photo-detector array
provided 1n the optical recerver as an optical module accord-
ing to the second embodiment of the present imnvention;

FIGS. 18(A) to 18(E) are schematic views illustrating a
fabrication method of a recerwver film waveguide (recerver
waveguide block) provided 1n the optical recerver as an opti-
cal module according to the second embodiment of the
present invention; and

FIGS. 19(A) to 19(C) are schematic views 1llustrating a
tabrication method of the optical module (optical recerver)
according to the second embodiment of the present invention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

In the following, an optical module, an optical transceiver,
an optical transmission system and a fabrication method for
an optical module according to embodiments of the present
invention are described.

First Embodiment

First, an optical module, an optical transceiver, an optical
transmission system and a fabrication method for an optical

module according to a first embodiment of the present inven-
tion are described with reference to FIGS. 1to 7, 8(A) to 8(D)

and 9(A) to 9(D).
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The optical module according to the present embodiment
1s, for example, a multi-channel optical transceiver which
includes a function (optical transmitter) for converting elec-
tric signals inputted thereto into optical signals and transmit-
ting the optical signals through optical fibers 1n the form of an
array, and a function (optical recerver) for converting optical
signals inputted thereto through an optical fiber array nto
clectric signals and recerving the electric signal.

The present multi-channel optical transceiver includes, for
example as shown 1n FI1G. 1, a printed board (circuit board) 1,
a planar photo-detector array (PD array chip) 3 formed from
a plurality of planar photo-detectors [here, photo-diodes;
PDs] each having an incidence face on the surface thereof,
and a planar light emitting device array (VCSEL array chip)
2 formed from a plurality of planar light emitting devices
|here, planar light emitting lasers; VCSELSs (Vertical-Cavity
Surface-Emitting Lasers)] each having an emitting face on
the surface thereotf, and a waveguide block (waveguide array)
5 mcluding a plurality of curved waveguides 4 having a
function for converting the pitch. In the following, the planar
photo-detectors and the planar light emitting devices are
sometimes referred to collectively as planar optical devices.

The planar photo-detector array 3 and the planar light
emitting device array 2 are mounted on the printed board 1 1n
such a manner that a plurality of planar light emitting devices
and a plurality of planar photo-detectors line up along a single
straight line as seen 1n FIG. 1.

Here, the multi-channel optical transceiver includes a
single planar photo-detector array 3 and a single planar light
emitting device array 2, and therefore, 1t includes a plurality
of planar optical device arrays. It 1s to be noted that the
multi-channel optical transceiver may otherwise be formed as
a multi-channel optical receiver which includes only one
planar photo-detector array 2 or amulti-channel optical trans-
mitter which includes only one planar light emitting device
array 2. Or, the multi-channel optical transceirver may other-
wise be formed as an optical transcerver which includes a
single planar photo-detector and a single planar light emitting
device. Further, the multi-channel optical transceiver may
otherwise be formed as an optical module which includes
only one planar optical device such as an optical recerver
which includes only one planar light emitting device or an
optical transmitter which includes only one planar light emat-
ting device. In this instance, the waveguide block 5 may
include a single curved waveguide formed on a plane.

In the present embodiment, the curved waveguides 4 pro-
vided on the waveguide block 5 are formed on a plane as seen
in FI1G. 2. Theretore, the degree of freedom 1n the method of
tabrication 1s high and the curved waveguides 4 can be fab-
ricated readily, for example, by a molding method based on a
planar metal mold fabricated with an electroformed replica. It
1s to be noted that a particular method of formation of the
curved waveguides 4 1s hereinaiter described.

Further, 1n the present embodiment, the curved waveguides
4 include a plurality light emitting device curved waveguides
4 A 1ndividually optically connected to the planar light emat-
ting devices, and a plurality of photo-detector curved
waveguides 4B individually optically connected to the planar
photo-detectors as seen 1n FIGS. 1 and 2.

The light emitting device curved waveguides 4A are
formed such that, as shown 1 FIGS. 1 and 2, they have a
distance (pitch) corresponding to the distance (pitch) of the
planar light emitting devices on an end face SA of the
waveguide block 5 but have a distance (pitch) corresponding
to the distance (pitch) of optical fibers, which form an optical
fiber array (ribbon fiber) 6, on the other end face 5B of the

waveguide block 5.
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Meanwhile, the photo-detector curved waveguides 4B are
formed such that, as shown 1n FIGS. 1 and 2, they have a
distance (pitch) corresponding to the distance (pitch) of the
planar photo-detectors on the end face 5A of the waveguide
block 5 but have a distance (pitch) corresponding to the dis-
tance (pitch) of the optical fibers, which form the optical fiber
array 6, on the other end face 5B of the waveguide block 5.

Further, 1n the present embodiment, as seen 1n FIGS. 1 and
2, the distance between the light emitting device curved
waveguides 4 A and the photo-detector curved waveguides 4B
1s a distance (pitch) corresponding to the distance (pitch)
between the planar light emitting device array 2 and the
planar photo-detector array 3 on the end face 5A but 1s a
distance (pitch) corresponding to the distance (pitch) of the
optical fibers, which form the optical fiber array 6, on the
other end face 5B.

By forming the curved waveguides 4 so as to be compatible
with the array pitch of the optical fiber array 6 in this manner,
the curved waveguides 4 can convert the mounting gap (chip
distance) between the planar light emitting device array 2 and
the planar photo-detector array 3 into an arbitrary optical fiber
pitch irrespective of the mounting gap (even 1 the planar light
emitting device array 2 and the planar photo-detector array 3
are disposed 1n a spaced relationship by an arbitrary distance
from each other). Consequently, such a situation that part of
the optical fiber array becomes wasteful depending upon the
mounting gap between the planar light emitting device array
2 and the planar photo-detector array 3 as in the conventional
apparatus described hereinabove can be prevented. There-
fore, for example, 1n an optical transceiver for 8 channels, the
necessity to use an optical fiber array for 12 channels 1s
climinated, and a high cost reduction effect can be antici-
pated.

In the present embodiment, the curved wavegumdes 4
extend from the end face 5A of the waveguide block 3 to the
other end face 5B which extends orthogonally to the end face
5A as seen 1n FIG. 2. In other words, the curved waveguides
4 are formed as curved waveguides curved substantially to the
right angle 1n a plane.

The waveguide block S having the configuration described
above 1s mounted on the printed board 1 such that the plane on
which the curved waveguides 4 are formed extends perpen-
dicularly to the printed board 1 and besides the curved
waveguides 4 and the incidence faces or the emitting faces of
the planar optical devices mounted on the printed board 1 are
opposed to each other on the end face 5A as seen 1n FIG. 1.
Consequently, the curved waveguides 4 provided on the
waveguide block 5 and the planar optical devices which form
the planar optical device arrays 2 and 3 are optically con-
nected to each other. It 1s to be noted that the printed board 1
1s electrically connected to an external apparatus such that an
clectric signal 1s mputted to or outputted from the external
apparatus (electric I/O).

Here, the end face 5A of the waveguide block 5 1s opposed
to the surface of the board. Meanwhile, the optical fiber array
6 formed from the optical fibers 1s optically connected to the
other end face SB of the waveguide block 5 which extends
orthogonally to the end face 5A.

In this instance, the optical fiber array 6 1s mounted in
parallel to the printed board 1, and the end faces of the optical
fibers and the incidence faces or the emitting faces of the
planar optical device arrays 2 and 3 have a substantially
right-angled positional relationship. However, the planar
optical device arrays 2 and 3 and the optical fiber array 6 are
optically connected to each other through the waveguide
block 3 (that 1s, the plural curved waveguides 4 provided on
the waveguide block 5) such that the paths (light paths) of
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light which comes 1n or goes out perpendicularly to the inci-
dence faces or the emitting faces of the planar optical devices
mounted on the printed board 1 are curved by approximately
90 degrees.

Incidentally, where such a waveguide block 5 as described
above 1s fabricated actually, it 1s preferably configured such
that not only 1t has such a structure that the light paths are
curved substantially to the right angle but also a lens and
positioning elements (for example, positioning convex/con-
cave elements and so forth) are integrated with the waveguide
block 5. In this instance, a transparent polymer material
which can use a mold 1s effectively used as a matenial of the
waveguide block 5. This makes 1t possible to produce a com-
plicated planar waveguide configuration simply and conve-
niently.

Therelore, in the present embodiment, a lens 7 1s provided
at each of positions of the end face SA of the waveguide block
5 corresponding to end faces of waveguide cores 14 which
individually form the curved waveguides 4 as seen 1n FI1GS. 4
and 5. Meanwhile, another lens 7 i1s provided at each of
positions of the other end face 5B of the waveguide block 5
corresponding to end faces of the waveguide cores 14 which
form the curved waveguides 4 as seen in FIGS. 6 and 7. It 1s
to be noted that, in FIGS. § and 7, reference numeral 15
denotes a cladding film which forms the curved waveguides

4.

Further, the waveguide block 5 includes a board side posi-
tioning section (here, a positioning pin 8) provided on the end
face SA side for positioning the waveguide block S with
respect to the printed board 1 as seen 1 FIGS. 4 and 5.
Further, the waveguide block 5 includes an optical fiber side
(optical connector side) positioning section (here, a position-
ing pin msertion hole 9) provided on the other end face 5B
side for positioning the waveguide block 5 with respect to the
optical fiber array 6 formed from a plurality of optical fibers.

It 1s to be noted that, 1n order to facilitate assembly, the end
faces of the optical fiber array (ribbon fiber) 6 are preferably
terminated by an optical connector 10 compatible with an
array such as, for example, an MT (mechanically transfer-
able) type optical connector.

In this 1nstance, positioning pins (optical connector side
positioning sections) 11 are provided on the outer side on an
extension line of the optical fiber array 6 as seen 1n FIG. 1.
Since the optical fiber array 6 and the curved waveguides 4 are
disposed on the same plane, a positioming pin insertion hole 9
for inserting one of the positioning pins 11 1s provided above
the curved waveguides 4, and this increases the height of the
waveguide block 5. Therefore, when 1t 1s mtended to mini-
mize the thickness, as seen 1n FI1G. 3, the curved waveguides
4 should be curved substantially to the right angle once and
then curved back so that the curved waveguides 4 may be
positioned at a position as low as possible on the other end
face 5B (end face on the optical fiber connection side) of the
waveguide block 5 (that 1s, the curved waveguides 4 are
formed so as to be shifted to the printed board 1 side on the
other end face SB) thereby to lower the position of the posi-
tioning pin 1insertion hole 9 provided above the curved
waveguides 4. By the configuration just described, reduction
in thickness of the optical module can be implemented. Fur-
ther, since also the optical fiber array 6 1s mounted at a
position as low as possible, also the height of the entire
module (thickness of the module) including the optical fiber
array can be reduced, and consequently, reduction 1n thick-
ness can be anticipated. Such a configuration as just described
1s effective particularly where the number of channels 1s
great.
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It1s to be noted that two optical modules configured 1n such
a manner as described above (having the same configuration)
are prepared and optically connected to each other by the
optical fiber array 6 formed from a plurality of optical fibers
to configure an optical transmission system, as seenin FI1G. 1.

However, in the present optical module, since the curved
waveguides 4 have lengths different from each other (since
length of the optical path differs among different channels),
where 1t 1s necessary for the optical wirings (optical paths) to
be equal to each other, the optical fiber array 6 1s connected
while twisted by 180 degrees between the two optical mod-
ules such that the longest one of the curved waveguides 4 of
one of the optical modules and the shortest one of the curved
waveguides 4 of the other one of the optical modules are
connected to each other.

Now, a fabrication method for the optical module (multi-
channel optical transceiver) according to the present embodi-
ment 1s described with reference to FIGS. 8(A) to 8(D) and
9(A) to 9(D).

First, the waveguide block 5 which includes the plural
curved waveguides (in-plane curved waveguides) 4 formed
on a plane can be fabricated, for example, 1n such a manner as
described below.

A metal mold (molding metal mold) 12 having a
waveguide pattern of a convex shape (here, a pattern for
forming a plurality of curved waveguides) as shown in FIG.
8(A) 1s Tabricated.

Then, olefin resin 13 (for example, a refractive index
n=1.52 after cured) to be used for formation of a lower clad-
ding material 1s poured into the metal mold 12 to perform
molding.

Then, epoxy resin 14 (for example, a refractive mdex
n=1.54 after cured) of the ultraviolet curing type to be used for
formation of waveguide cores 1s dropped (applied) into
grooves 13 A (waveguide grooves) of the molded member 13
in the form of a plate made of the transparent olefin resin as
seen 1 FIG. 8(B). Then, a film 15 (cladding film; refractive
index n=1.52; for example, 0.1 mm thick) of olefin resin
prepared separately 1s stuck as seen 1n FIG. 8(C).

Then, ultraviolet rays are irradiated while a load 1s applied
to cure the epoxy resin 14 as seen 1n FIG. 8(D).

Thereafter, the end faces are mirror polished to fabricate a
waveguide block 5 (waveguide block formed from a molded
member 1n the form of a flat plate) having curved waveguides
4 (here, eight curved waveguides) formed on a plane as seen
in FIG. 9(B).

Here, the outside dimension of the waveguide block 515 10
mmx10 mmx5 mm. The dimension of the waveguide cores
which form the curved waveguides 4 1s 0.05 mmx0.05 mm.
Of the eight curved waveguides 4, the left side four curved
waveguides 4 1 FIG. 9(B) are the light emitting device
curved waveguides (transmission curved waveguides) 4A to
be optically connected to the planar light-emitting device
array (VCSEL array) 2, and the pitch of the waveguide cores
which form the light emitting device curved waveguides 4 A 1s
0.25 mm. Meanwhile, of the eight curved waveguides 4, the
right side four curved waveguides 4 1 FIG. 9(B) are photo-
detector curved waveguides (reception curved waveguides)
4B to be optically connected to the photo-detector array (PD
array) 3, and the pitch of the waveguide cores which form the
reception curved waveguides 4B 1s 0.25 mm. Further, the
pitch between the waveguide cores which form the transmis-
sion curved waveguides 4A and the waveguide cores which
form the reception curved waveguides 4B 1s 1.00 mm on the
end face 5A of the waveguide block 5 (on the end face on the
side of the waveguide block 5 to be optically connected to the

VCSEL array 2 and the PD array 3), but 1s 0.25 mm on the
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other end face 5B orthogonal to the end face SA (on the end
face on the side of the waveguide block 5 to be optically
connected to the optical fiber array 6). Thus, the pitch 1s
converted.

Meanwhile, the planar light emitting device array (VCSEL
array) 2 and the photo-detector array (PD array) 3 are
mounted 1n advance on the printed board 1 (device mounting
board) as seen 1 FIG. 9(A). In particular, the planar light
emitting device array 2 and the planar photo-detector array 3
are stuck to the printed board 1 using conductive paste with a
heat radiating block 16 (heat spreader: for example, 0.25 mm
thick), for example, of a copper tungsten alloy interposed
therebetween such that the light emitting faces of a plurality
of planar light emitting lasers which form the planar light
emitting laser array 2 and the light receiving faces (incidence
faces) of a plurality of photo-detectors which form the planar
photo-detector array 3 are directed upwardly 1n a direction
perpendicular to the printed board 1 and the planar light
emitting lasers and the photo-detectors line up on a straight
line.

It 1s to be noted that the distance between the planar light
emitting laser array 2 and the photo-detector array 3 (gap
between the two chips) 1s set to 1 mm although 1t may be an
arbitrary one. Further, though not shown, electrodes on the
surface of the chips and wirings on the printed board may be
connected to each other by wire bonding so that they may
serve as feeder lines.

Here, a multi-mode 4-channel array of a wavelength of, for
example, 850 nm 1s used as the planar light emitting laser
array 2. The array pitch1s 0.25 mm, and the outside dimension
1s 1.0 mmx0.25 mmx0.25 mm.

Further, a 4-channel array of a wavelength of, for example,
850 nm 1s used as the photo-detector array 3. The array pitch
1s 0.25 mm, and the outside dimension 1s 1.0 mmx0.25
mmx0.25 mm.

On the printed board 1 fabricated 1n this manner and having,
the chips mounted thereon, the waveguide block 5 fabricated
in such a manner as described above 1s mounted with spacers
17 (for example, 0.6 mm thick) interposed therebetween. For
example, the waveguide block 5 may be fixed to the printed
board 1 using ultraviolet curing resin.

Thereupon, for example, a tlip chip bonder having a verti-
cal visual field camera may be used to perform positioning so
that the centers of the waveguide cores which form the curved
waveguides 4 provided on the waveguide block 5 may be
aligned with the centers of the light recerving faces of the
photo-detectors and the centers of the light emitting faces of
the planar light emitting lasers.

After the wavegmide block 5 including the curved
waveguides 4 (in-plane curved waveguides ) curved in a plane
was labricated using polymer and was mounted on the printed
board 1 together with the planar light emitting laser array 2
and the planar photo-detector array 3 to fabricate a multi-
channel optical transcetver as an optical module 1n this man-
ner, the optical fiber array 6 was assembled and the 1nsertion
loss of the curved waveguides 4 which form the waveguide
block 5 was measured 1n order to evaluate the transmission
and reception performances as seen 1 FIG. 9(C). According
to a result of the measurement, the insertion loss was 2.0+0.3
dB including the coupling loss by coupling to the chips 2 and
3, and the variation 1n 1nsertion loss among channels 1s little.
Thus, 1t was confirmed successiully that the pitch conversion
by the waveguide block 5 fabricated in such a manner as
described above 1s effective.

It 15 to be noted that the optical fiber array 6 was connected
to the end face of the waveguide block 5 mounted on the
printed board 1 through the optical connector (fiber connec-
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tor) 10 as shown in FI1G. 9(C). Thereupon, electric current was
supplied to the face light emitting lasers to perform position-
ing by active alignment.

Accordingly, with the optical module, optical transcerver,
optical transmission system and fabrication method for an
optical module according to the present embodiment, there 1s
an advantage that optical connection between the planar opti-
cal devices [for example, face light emitting lasers, photo-
diodes (photo-detectors) and so forth] mounted on the printed
board 1 and the optical fibers attached 1n parallel to the printed
board 1 can be implemented simply and readily.

It 1s to be noted that, while, in the present embodiment, the
optical module of the present invention 1s described taking a
multi-channel optical transceiver as an example, the optical
module of the present invention 1s not limited to this, but the
present invention can be applied widely to any optical module
only 11 1t requires optical connection between a planar optical
device [for example, a planar light emitting laser, a photo-
diode (photo-detector) or the like] mounted on a board and an
optical fiber attached 1n parallel to the board.

Second Embodiment

Now, an optical module, an optical transceiver and a fab-
rication method for an optical module according to the second
embodiment of the present invention 1s described with refer-

ence to FIGS. 10 to 17, 18(A) to 18(F) and 19(A) to 19(C).

The optical module according to the present embodiment 1s
different from the multi-channel optical transceiver of the
first embodiment described hereinabove in the structure for
making wavelength division multiplexing transmission pos-
sible. In particular, the optical module according to the
present embodiment 1s different in that 1t 1s a wavelength
division multiplexing multi-channel optical transceiver (opti-
cal transmitter, optical recerver) which 1s based on a thin film
channel waveguide and has a structure (CWDM structure)
which permits wavelength division multiplexing transmis-
sion which makes use of a demultiplexing and multiplexing
technique.

In the following, an optical transmitter which can be used
to form a wavelength division multiplexing multi-channel
optical transceiver 1s described with reference to FIGS. 10 to
12,13(A) to 13(C) and 14(A) to 14(C). Thereatter, an optical
receiver which can be used to form a wavelength division
multiplexing multi-channel optical recerver 1s described with
reference to FIGS. 15 to 17, 18(A) to 18(E) and 19(A) to
19(C). Finally, a wavelength division multiplexing optical
transceiver 1s described. It 1s to be noted that, in FIGS. 10 to
17, 18(A) to 18(E) and 19(A) to 19(C), like elements to those
of the first embodiment (refer to FIG. 1) described herein-
above are denoted by like reference characters.

[Optical Transmitter]

First, the optical transmitter according to the present
embodiment includes, for example, as shown 1n FIG. 10,
planar light emitting device arrays 2A to 2D (VCSEL array
chips) each formed from a plurality of planar light emitting
devices [here, planar light emitting lasers; VCSELs (Vertical-
Cavity Surface-Emitting lasers)| having an emitting face on
the surface thereof, and a transmitter waveguide block 20
(waveguide array) formed from a plurality of transmatter film
waveguides 21 laminated with each other and each including
a waveguide type multiplexer 22 which 1n turn includes a
plurality of curved waveguides 24 A to 24D.

The waveguide type multiplexer 22 1s formed such that a
plurality of curved waveguides 24 A to 24D are overlapped
with each other on one end side thereof such that lights having,
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propagated along the curved waveguides 24A to 24D are
multiplexed on the one end side. Here, a multi-channel mul-
tiplexer 1s formed by a plurality of film waveguides 21 lami-
nated with each other.

Meanwhile, the transmitter waveguide block 20 1s formed
such that a plurality of film waveguides 21 are laminated with
cach other in such a manner that end faces 24X of the curved
waveguides 24A to 24D on the side on which the curved
waveguides 24 A to 24D are overlapped with each other line
up individually 1n series and in parallel to each other along the
surface of the printed board 1 as seen 1n FIG. 10. The multi-
channel waveguide block 20 1s configured by disposing the
film waveguides 21 1n multiple layers in this manner, and a
multi-channel optical transmitter 1s 1mplemented thereby.
Then, to the end faces 24X on the side on which the curved
waveguides 24 A to 24D are overlapped, an optical fiber array
(ribbon fiber) 6 formed from a plurality of optical fibers 1s
connected through the optical connector 10, as seen in FIG.
10.

Therefore, by setting the thickness of the transmitter {ilm
waveguides 21 (that 1s, the distance between the waveguide
cores which form the curved waveguides of the transmitter
film waveguides 21) to a thickness (distance) corresponding
to the fiber pitch of the optical fiber array 6, conversion of the
pitch into an arbitrary optical fiber pitch can be implemented
irrespective of the mounting gap (chip distance) between the
planar light emitting device arrays (even 1f the plural planar
light emitting device arrays are disposed at an arbitrary dis-
tance) similarly as 1n the first embodiment described herein-
above. Consequently, the degree of freedom 1n design 1s
enhanced, and 1t can be prevented that part of an optical fiber
array becomes wasteful.

Further, the planar light emitting device arrays 2A to 2D
include a plurality of planar light emitting devices having
same light emitting wavelengths as each other. The planar
light emitting device arrays 2A to 2D are disposed 1n parallel
to each other on the printed board 1 such that the emitting
faces of the planar light emitting devices are directed
upwardly and perpendicularly to the printed board 1 and
besides the planar light emitting devices line up 1n series
along the lamination direction of the transmitter film
waveguides 21.

In the present embodiment, a plurality of planar light emat-
ting devices having different light emitting wavelengths from
cach other are mounted on the printed board 1 such that they
line up 1n series along an end face of the transmitter
waveguide block 20 (laminated transmitter film waveguides
21) as seen 1n FIG. 11.

In particular, as seen 1n FI1G. 12, a first planar light emitting,
device array 2A formed from a plurality of first planar light
emitting devices of a light emitting wavelength A1, a second
planar light emitting device array 2B formed from a plurality
of second planar light emitting devices of a light emitting
wavelength A2, a third planar light emitting device array 2C
formed from a plurality of third planar light emitting devices
of a light emitting wavelength A3, and a fourth planar light
emitting device array 2D formed from a plurality of fourth
planar light emitting devices of a light emitting wavelength
A4 are mounted on the printed board 1 such that they line up
individually 1n series along an end face of the transmitter
waveguide block 20 (laminated transmitter film waveguides
21) and 1n parallel to each other.

In the present embodiment, the curved waveguides 24 A to
24D are formed as a transmitter film waveguide 21 and are
channel waveguides formed on a plane. Therefore, the degree
of freedom in fabrication method 1s high, and the curved
waveguides 24 A to 24D can be fabricated readily by a mold-
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ing method which 1s based on a plane metal mold formed, for
example, by an electroformed replica. Further, since the chan-
nel waveguides are adopted, a beam can be confined to a
width of, for example, approximately 50 um, and therefore,
mimaturization of the module can be anticipated. Further-
more, since the optical paths are produced 1n a two-dimen-
sional plane first, the curved waveguides 24A to 24D are
superior 1n terms of positioning and reliability (impact resis-
tance) when compared with an alternative case where 1n spa-
tial light 1s used. Further, since the curved waveguides 24 A to
24D are formed on aplane, they can be molded using a simple
embossing technique, and therefore, the cost 1s low. It1s to be
noted that a particular formation method of the curved
waveguides 24A to 24D 1s hereinatter described.

Further, 1n the present embodiment, the curved waveguides
24 A to 24D which form the waveguide type multiplexer 22
are optically connected to respective ones of a plurality of
planar light emitting devices on an end face 20A of the trans-
mitter waveguide block 20, and are optically connected to
optical fibers on the other end face 20B of the transmitter
waveguide block 20 orthogonal to the end face 20A as seen in
FIG. 10.

Consequently, as seen 1n FI1G. 10, lights of different wave-
lengths emitted from the emitting faces of a plurality of planar
light emitting devices of different light emitting devices are
optically coupled to the curved waveguides 24A to 24D pro-
vide on the transmitter waveguide block 20, and the optical
paths of the lights are curved substantially to the right angle in
the plane. Then, the lights are multiplexed into wavelength
division multiplexed light, which 1s optically coupled to the
optical fibers through the optical connector 10.

In the present embodiment, since the optical transmitter
includes a plurality of planar light emitting devices having
same light emitting wavelengths as each other and the trans-
mitter waveguide block 20 1s structured such that a plurality
of transmitter film waveguides 21 having the same configu-
ration are laminated and besides the optical fiber array 6
tformed from a plurality of optical fibers 1s connected to the
transmitter waveguide block 20, wavelength division multi-
plexed lights (multi-channel wavelength division multi-
plexed lights) multiplexed by the plurality of the waveguide
type multiplexer 22 of the same configuration are emitted to
respective ones of the plural optical fibers.

Now, a fabrication method for the optical transmitter (opti-
cal module) which form the wavelength division multiplex-
ing multi-channel optical transceiver according to the present
embodiment 1s described with reference to FIGS. 13(A) to
13(C) and 14(A) to 14(C).

First, the transmitter waveguide block 20 which includes
the curved wavegumides 24A to 24D (n-plane curved
waveguides ) formed in planes can be fabricated, for example,
in such a manner as described below. It 1s to be noted that, in
FIGS.13(A)to13(C), only two curved waveguides are shown
tor the convenience of illustration.

A metal mold for a transmitter (molding metal mold) hav-
ing a convex-shaped transmitter waveguide pattern (here, a
pattern for formation of a plurality of curved waveguides) 1s
fabricated.

Then, olefin resin (for example, a refractive index n=1.52
alter cured) used to form a lower cladding material 1s poured
into the metal mold to perform molding. Consequently, a
f1lm-like molded body 25 made of the transparent olefin resin
1s formed as seen 1n FIG. 13(A).

Then, epoxy resin 26 (for example, a refractive mdex
n=1.54 after cured) of the ultraviolet curing type used to form
a waveguide core 1s filled (applied) into grooves (waveguide

grooves) 25A of the film-like molded body 25 as seen in FIG.
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13(B). Then, a film 27 (cladding film; refractive index
n=1.52; 0.1 mm thick) of olefin resin prepared separately 1s
stuck as seen 1 FI1G. 13(C).

Then, ultraviolet rays are 1rradiated while a load 1s applied
to cure the epoxy resin 26.

Thereatter, the end faces are mirror polished to produce a
transmitter film waveguide 21 having curved waveguides
24A to 24D formed on a plane as seen 1n FIG. 11. Then, a
plurality of such transmitter film waveguides 21 of the same
configuration fabricated in such a manner as described above
are laminated to fabricate a transmitter waveguide block 20 as
seen 1n FI1G. 12.

Here, the outside dimension of the transmitter waveguide
block 20 1s 10 mmx35 mmx5 mm. The dimension of the
waveguide cores 26 which form the curved waveguides 24 A
to 24D 1s 0.05 mmx0.05 mm.

Then, an optical transmitter (transmission module) which
includes the transmitter waveguide block 20 fabricated 1n
such a manner as described above can be fabricated, for
example, 1 the following manner.

A plurality of (here, two) planar light emitting laser arrays
2A and 2B are mounted in advance on the printed board 1 as
seen 1 FIG. 14(A). In particular, the planar light emitting
laser arrays 2A and 2B are stuck to the printed board 1 using
conductive paste with heat radiating blocks 16 (for example,
a thickness of 0.25 mm) of copper tungsten alloy interposed
therebetween such that the light emitting faces (emitting
faces) of a plurality of planar light emitting lasers which form
the planar light emitting laser arrays 2A and 2B are directed
upwardly 1n a direction perpendicular to the printed board 1
and the planar light emitting laser arrays 2A and 2B line up 1n
parallel to each other.

It 1s to be noted that the distance between the planar light
emitting laser array 2A and the planar light emitting laser
array 2B (gap between the two chips) may be an arbitrary
distance and may be, for example, 1 mm. Further, the elec-
trodes on the surface of the chips and the wirings on the
printed board are coupled to each other by wire bonding so
that they may serve as feeder lines.

Here, two different multi-mode planar light emitting laser
arrays 2A and 2B of wavelengths 850 nm and 980 nm are
used. The outside dimension of the planar light emitting laser
arrays 2A and 2B 15 0.25 mmx0.25 mmx0.25 mm.

The transmitter waveguide block (transmission side
waveguide block) 20 fabricated 1n such a manner as described
above 1s mounted on the printed board 1 fabricated in such a
manner as described above and having the chips mounted
thereon with the spacers 17 (for example, a thickness of 0.6
mm) interposed therebetween as seen i FIG. 14(B). For
example, the transmitter waveguide block 20 may be fixed to
the printed board 1 using ultraviolet curing resin.

Thereupon, for example, a tlip chip bonder having a verti-
cal visual field camera may be used to perform positioning so
that the centers of the waveguide cores which form the curved
waveguides 24A to 24D provided on the transmitter
waveguide block 20 may individually be aligned with the
centers of the light emitting faces of the planar light emitting
lasers.

|Optical Recerver]

Now, the optical recerver according to the present embodi-
ment includes, for example, as shown in FIG. 15, planar
photo-detector arrays (PD array chips) 3A to 3D each formed
from a plurality of planar photo-detectors [here, photo-diodes
(photo-detectors; PDs)]; having an incidence face on the sur-
face thereol, and a recerver waveguide block (waveguide
array) 30 formed from a plurality of recerver film waveguides
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31 laminated with each other and each including a plurality of
(here, Tour) curved waveguides 34 A to 34D and a waveguide
type demultiplexer 32.

Referring to FI1G. 16, the waveguide type demultiplexer 32
includes a plurality of (here, four) wavelength filters 35A to
35D connected to the plural curved waveguides 34A to 34D,
a mirror 36 provided at an end face of the receiver waveguide
block 30 (laminated receiver film wavegudes 31), and chan-
nel waveguides 37 formed between the wavelength filters
35A to 35D and the mirror 36. The waveguide type demulti-
plexer 32 demultiplexes wavelength division multiplexed
light incoming through an incidence side end face 37X of the
channel waveguides 37 into lights of different wavelengths
and emits the lights to the curved waveguides 34A to 34D.
Here, a plurality of film waveguides 31 are laminated to form
a multi-channel demultiplexer.

In the present embodiment, a thin film filter formed as a
horizontally elongated chip part 1s used for the wavelength
filters 35A to 35D. Here, an n-channel common use chip 1s
used for the wavelength filters 35A to 35D, and the wave-
length filters 35A to 35D are mounted 1n such a manner as to
extend through a plurality of laminated receiver film
waveguides 31 to share the parts among the different chan-
nels. Further, each of the wavelength filters 35A to 35D 1s
configured so as to transmit light of only one wavelength
therethrough but reflect lights of the other wavelengths. Here,
the wavelength filters 35A to 35D transmait lights of different
wavelengths from one another.

The waveguide type demultiplexer 32 configured 1n such a

manner as described above demultiplexes lights of different
wavelengths included 1n wavelength division multiplexed
light in the following manner.
In particular, as seen 1 FIG. 16, only light having the first
wavelength Al included 1n wavelength division multiplexed
light incoming through the incidence side end face 37X of the
channel waveguides 37 passes through and 1s demultiplexed
by the first wavelength filter 35D and is then introduced to the
first curved waveguide 34D.

On the other hand, the remaining wavelength division mul-
tiplexed light 1s reflected by the first wavelength filter 35D,
guided by a channel waveguide 37 and then reflected by the
mirror 36, whereafter 1t 1s guided by another channel
waveguide 37. Thus, only light having the second wavelength
A2 passes through and 1s demultiplexed by the second wave-
length filter 35C and 1s introduced to the second curved
waveguide 34C.

Further, the remaining wavelength division multiplexed
light 1s retlected by the second wavelength filter 35C, guided
by a channel waveguide 37, retlected by the mirror 36 and
then introduced by another channel waveguide 37. Thus, only
light having the third wavelength A3 passes through and 1s
demultiplexed by the third wavelength filter 35B and is 1ntro-
duced to the third curved waveguide 34B.

Then, the remaining light having the fourth wavelength A4
1s reflected by the third wavelength filter 35B, guided by a
channel waveguide 37, reflected by the mirror 36 and further
guided by another channel waveguide 37. Thus, the light
passes through and 1s demultiplexed by the fourth wavelength
filter 35 A and 1s 1mtroduced to the fourth curved waveguide
34A.

It 1s to be noted that, although, in the waveguide type
demultiplexer 32 configured 1n such a manner as described
above, an optical path length difference appears between
different wavelengths, the optical path length difference can
be eliminated by the design of the curved waveguides 34A to
34D, and 1t 1s possible to achieve equalization of the optical
path lengths for the individual wavelengths. Further, where
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the waveguide type demultiplexer 32 1s connected to the
optical transmitter which includes the curved waveguides
24A to 24D described hereinabove, the optical path length
difference can be eliminated also by the design of the curved
waveguides 24 A to 24D of the optical transmutter.

Meanwhile, the recerver waveguide block 30 1s formed
from a plurality of receiver film waveguides 31 laminated
such that, as shown 1n FIG. 17, incidence side end faces 37X
of the channel waveguides 37 line up individually 1n series
along the surface of the printed board 1 and in parallel to each
other. The receiver waveguide block 30 1s configured to
implement a multi-channel optical recerver by laminating the
receiver film waveguides 31 1n this manner. Further, an opti-
cal fiber array 6 (ribbon fiber) formed from a plurality of
optical fibers 1s connected to the incidence side end faces 37X
of the plural channel waveguides 37 through the optical con-
nector 10 as seen 1n FIG. 15.

By setting the thickness of the film waveguides 31 (that 1s,
the distance between the waveguide cores which form the
curved waveguides of the receiver film waveguides 31) so as
to be equal to a thickness (distance) corresponding to the fiber
pitch of the optical fiber array 6, the block 30 can convert the
mounting gap (chip distance) between the planar light emait-
ting device arrays into an arbitrary optical fiber pitch irrespec-
tive of the mounting gap (even 1f the plural planar light emait-
ting device arrays are disposed 1n a spaced relationship by an
arbitrary distance from each other) similarly as in the first
embodiment described heremnabove. Consequently, the
degree of freedom 1n design 1s enhanced, and such a situation
that part of an optical fiber array becomes wasteful can be
prevented.

Further, each of the planar photo-detector arrays 3A to 3D
includes a plurality of planar light photo-detectors as seen 1n
FIG. 17. The planar photo-detector arrays 3A to 3D are dis-
posed 1n parallel to each other on the printed board 1 such that
the mcidence faces of the planar photo-detectors are directed
upwardly 1n a direction perpendicular to the printed board 1
and besides the planar photo-detectors line up 1n series along
the lamination direction of the recerver film waveguides 31.

In the present embodiment, a plurality of planar photo-
detectors which form the different planar photo-detector
arrays 3A to 3D are mounted on the printed board 1 1n such a
manner as to line up in series along an end face of the recerver
waveguide block 30 (laminated recerver film waveguides 31)
as seen 1n FIG. 17.

In particular, as seen 1n FIG. 17, a first planar photo-detec-
tor array 3A formed from a plurality of first planar photo-
detectors, a second planar photo-detector array 3B formed
from a plurality of second planar photo-detectors, a third
planar photo-detector array 3C formed from a plurality of
third planar photo-detectors, and a fourth planar photo-detec-
tor array 3D formed from a plurality of fourth planar photo-
detectors are mounted on the printed board 1 such that they
line up mdividually in series along an end face of the recerver
waveguide block 30 (laminated recerver film waveguides 31)
and 1n parallel to each other.

In the present embodiment, the plural curved waveguides
34 A to 34D are formed individually as the film waveguides 31
and are channel waveguides formed on a plane. Therefore, the
degree of freedom 1n fabrication method 1s high, and the
curved waveguides 34 A to 34D can be fabricated readily by
molding method which 1s based on a plane metal mold fab-
ricated, for example, using an electroformed replica. Further,
since the channel waveguides are adopted, a beam can be
confined to a width of, for example, approximately 50 um,
and therefore, mimaturization of the module can be antici-
pated. Furthermore, since the optical paths are produced 1n a
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two-dimensional plane first, the curved waveguides 34A to
34D are superior in terms of positioning and rehiability (1m-
pact resistance) when compared with an alternative case
wherein spatial light 1s used. Further, since the curved
waveguides 34A to 34D are formed on a plane, they can be
molded with a simple embossing technique, and therefore,
the cost 1s low. It 1s to be noted that a particular formation
method of the curved waveguides 34A to 34D 1s hereimafter
described.

Further, as seen 1n FIG. 15, in the present embodiment, the
curved waveguides 34A to 34D are optically connected to
respective ones of a plurality of planar photo-detectors on an
end face 30A of the recetver waveguide block 30. Meanwhile,
the curved waveguides 34 A to 34D are connected at the other
ends thereof to a waveguide type demultiplexer 32. Further,
on the other end face 30B of the receiver waveguide block 30
orthogonal to the end face 30A, an optical fiber 1s connected
to the incidence side end face 37X of the channel waveguides
3’7 which form the waveguide type demultiplexer 32.

Consequently, as seen 1 FIG. 15, wavelength division
multiplexed light introduced along the optical fiber 1s opti-
cally coupled to the incidence side end face 37X of the chan-
nel waveguides 37 which form the waveguide type demulti-
plexer 32. Then, when the wavelength division multiplexed
light 1s guided by the channel waveguides 37, it 1s filtered and
demultiplexed mto lights of different wavelengths by the
wavelength filters 35A to 35D. The lights of the different
wavelengths are guided by the curved waveguides 34A to
34D, which curve the optical paths substantially to the right
angle 1n a plane until they are optically coupled to the respec-
tive planar photo-detectors.

In the present embodiment, since the optical transmitter
includes a plurality of planar photo-detectors and the recerver
waveguide block 30 1s structured such that a plurality of
receiver 11llm waveguides 31 having the same configuration
are laminated and besides the optical fiber array 6 formed
from a plurality of optical fibers 1s connected to the recerver
waveguide block 30, wavelength division multiplexed lights
(multi-channel wavelength division multiplexed lights) intro-
duced from the plural optical fibers are demultiplexed by the
plural waveguide type demultiplexer 32 of the same configu-
ration and emitted to respective ones of the plural planar
photo-detectors through the plural curved waveguides 34 A to
34D.

Now, a fabrication method for the optical recerver (optical
module) which forms the wavelength division multiplexing
multi-channel optical transcerver according to the present
embodiment 1s described with reference to FIGS. 18(A) to
18(E) and 19(A) to 19(C).

First, the receiver waveguide block 30 which includes the
curved waveguides (in-plane curved waveguides) 34 A to 34D
formed 1n planes can be fabricated, for example, in such a
manner as described below. It 1s to be noted that, in FIGS.
18(A) to 18(E), only two curved waveguides are shown for
the convenience of illustration.

A metal mold for a receiver (molding metal mold) having
a convex-shaped recerver waveguide pattern (here, a pattern
for formation of a plurality of curved waveguides) 1s fabri-
cated.

Then, olefin resin (for example, a refractive index n=1.52
alter cured) used to form a lower cladding material 1s poured
into the metal mold to perform molding. Consequently, a
f1lm-like molded body 38 made of the transparent olefin resin
1s formed as seen 1n FIG. 18(A).

Then, epoxy resin 39 (for example, a refractive mdex
n=1.54 after cured) of the ultraviolet curing type used to form
a waveguide core 1s filled (applied) into grooves (waveguide
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grooves) 38A of the film-like molded body 38 as seen 1n FIG.
18(B). Then, a film 40 (cladding film; refractive index
n=1.52; 0.1 mm thick) of olefin resin prepared separately 1s
stuck as seen 1n FIG. 18(C).

Then, ultraviolet rays are 1rradiated while a load 1s applied
to cure the epoxy resin.

Thereafter, thin film filter inserting grooves are formed,
and then narrow bandwidth wavelength filters 35 (35A to
35D), for example, for 980 nm are inserted into the grooves
and fixed using a transparent adhesive as seen in FIG. 18(D).

Then, a mirror 36 1s stuck to the end face, to which optical
fibers are to be connected, for example, using a transparent
adhesive as seen 1n FIG. 18(E).

Finally, the end faces are mirror polished to produce a film
waveguide 31 having curved waveguides 34 A to 34D formed
on a plane as seen in FIG. 16. Then, a plurality of such
receiver film waveguides 31 of the same configuration fabri-
cated 1n such a manner as described above are laminated to
fabricate a receiver waveguide block 30 as seen 1n FIG. 17.

Here, the outside dimension of the recerver waveguide
block 30 1s 10 mmx5 mmx5 mm. The dimension of the
waveguide cores 39 which form the curved waveguides 34 A
to 34D 1s 0.05 mmx0.05 mm.

Then, an optical recerver (reception module) which
includes the recerver waveguide block 30 fabricated 1n such a
manner as described above can be fabricated, for example, in
the following manner.

A plurality of (here, two) photo-detector arrays 3A and 3B
are mounted 1in advance on the printed board 1 as seen 1n FIG.
19(A). In particular, the photo-detector arrays 3A and 3B are
stuck to the printed board 1 by conductive paste with heat
radiating blocks 16 (for example, a thickness 01 0.25 mm), for
example, of copper tungsten alloy interposed therebetween
such that the light receiving faces (incidence faces) of a plu-
rality of photo-detectors which form the photo-detector
arrays 3A and 3B are directed upwardly 1n a direction per-
pendicular to the printed board 1 and the photo-detector
arrays 3A and 3B line up in parallel to each other.

It 1s to be noted that the distance between the planar photo-
detector array 3 A and the planar photo-detector array 3B (gap
between the two chips) may be an arbitrary distance and may
be, for example, 1 mm. Further, the electrodes on the surface
of the chips and the wirings on the printed board are coupled
to each other by wire bonding so that they may be used as
teeder lines.

Here, two different photo-detector arrays 3A and 3B hav-
ing a sensitivity, for example, to wavelengths 850 to 980 nm
are used. The outside dimension of the photo-detector arrays

3A and 3B 1s 0.25 mmx0.25 mmx0.25 mm.

The recerver waveguide block (reception side waveguide
block) 30 fabricated 1n such a manner as described above 1s
mounted on the printed board 1 fabricated 1n such a manner as
described above and having the chips mounted thereon with
spacers 17 (for example, a thickness of 0.6 mm) interposed
therebetween as seen 1n FIG. 19(B). For example, the receiver
waveguide block 30 may be fixed to the printed board 1 using
ultraviolet curing resin.

Thereupon, for example, a flip chip bonder having a verti-
cal visual field camera may be used to perform positioning so
that the centers of the waveguide cores which form the curved
waveguides 34 A to 34D provided on the recerver waveguide
block 30 may individually be aligned with the centers of the
light recerving faces of the photo-detectors.

|[Evaluation]
A transmitter waveguide block 20 and a recerver
waveguide block 30 which include curved waveguides (in-
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plane curved waveguides) which are curved 1n a plane were
fabricated using polymer, and the transmitter waveguide
block 20 was mounted on a printed board 1 together with a
planar light emitting device array 2 to fabricate a multi-
channel optical transmitter while the receiver waveguide
block 30 was mounted on the printed board 1 together with a
planar photo-detector array 3 to produce a multi-channel
optical recetver 1n such a manner as described heremnabove,
wherealter an optical fiber array 6 was assembled 1n such a
manner as seen 1 FIGS. 14(C) and 19(C) and the insertion
loss of the curved waveguides which form the waveguide
blocks 20 and 30 was measured in order to evaluate the
transmission and reception performances. As a result of the
measurement, the insertion loss including the coupling loss to
cach chip was 5.0 dB (980 nm) and 4.8 dB (850 nm) with
regard to the optical transmitter (transmission side optical
module) and 2.5 dB (980 nm) and 3.2 dB (850 nm) with
regard to the optical recerver (reception side optical module).
Thus, 1t was confirmed successiully that the waveguide
blocks 20 and 30 fabricated in such a manner as described
above are effective.

It 1s to be noted that the optical fiber array 6 was connected
to the end face of the transmitter waveguide block 20 mounted
on the printed board 1 and the end face of the recerver
waveguide block 30 mounted on the printed board 1 through
individual optical connectors (not shown) as seen 1n FIGS.
14(C) and 19(C). Thereupon, the planar light emitting lasers
were energized to perform positioning by active alignment.

|Optical Transcerver]

The wavelength division multiplexing multi-channel opti-
cal transcerver according to the present embodiment can be
configured by sticking the optical transmitter configured 1n
such a manner as described above and the optical recerver
configured 1n such a manner as described above to each other
on the rear face side of a printed board to integrate the optical
transmitter and the optical receiver with each other.

|Operation and Effects]

Accordingly, with the optical module, optical transcerver
and fabrication method for an optical module according to the
present embodiment, there 1s an advantage that optical con-
nection between the planar optical devices [for example, face
light emitting lasers, photo-diodes (photo-detectors) and so
forth| mounted on the printed board 1 and the optical fibers
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attached 1n parallel to the printed board 1 can be implemented
simply and readily similarly to those of the first embodiment
described hereinabove.

Particularly, where such a configuration as described above
1s adopted, a wavelength division multiplexing multi-channel
optical transcerver of a small size can be implemented simply
and conveniently, and remarkable enhancement of the trans-
mission band can be achieved.

|Others]

The present invention 1s not limited to the embodiments
specifically described above, and variations and modifica-
tions can be made without departing from the scope of the
present invention.

What 1s claimed 1s:

1. An optical transmission system, comprising:

two optical modules, each of said optical modules com-

prising:

a substrate;

one or a plurality of planar optical devices mounted on
said substrate; and

a waveguide block including a flat surface and one or a
plurality of curved waveguides formed on the flat
surface;

said waveguide block being mounted on said substrate
such that the flat surface on which said curved
waveguides are formed 1s perpendicular to said sub-
strate and said curved waveguides and an incidence
face or an emitting face of said planar optical device
are opposed to each other on one end face of said
waveguide block, and being configured so that an
optical fiber can be connected to an other end face of
said waveguide block which is orthogonal to the one
end face;

said two optical modules being optically connected to
cach other by an optical fiber array formed from a
plurality of optical fibers;

said optical fiber array being connected to said two opti-
cal modules while twisted by 180 degrees between
said two optical modules such that the longest one of
said curved waveguides of one of said optical mod-
ules and the shortest one of said curved waveguides of
the other one of said optical modules are connected to
cach other.
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